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Background: The treatment for high-risk non-muscle-invasive bladder cancer (NMIBC) remains highly debated for its high recurrence and progression risk. This work aimed to verify the efficacy and toxicity of intra-arterial chemotherapy (IAC) plus intravesical chemotherapy (IVC) in high-risk NMIBC.
Methods: A comprehensive online literature search was conducted in three databases to select researches related to IAC + IVC for high-risk NMIBC. All data were analyzed using the Review Manager software version 5.3. And we used the Cochrane Risk of Bias tool to assessed the quality of these enrolled researches.
Results: Seven eligible original publications were enrolled in our studies with a total of 1,247 patients. Compared with the intravesical instillation, IAC + IVC therapy showed a better therapeutic effect. The total odds ratio for tumor recurrence rate, tumor progression rate, survival rate, and tumor-specific death rate was calculated as 0.51 (95% CI: 0.36–0.72; p < 0.05), 0.51 (95% CI: 0.36–0.72; p < 0.05), 1.75 (95% CI: 1.09–2.81; p < 0.05), and 0.48 (95% CI: 0.28–0.84; p < 0.05), respectively. In patients who received IAC, most of the adverse events (AEs)in the treatment were Grade I and II.
Conclusion: IAC + IVC regimen for high-risk NMIBC could effectively reduce recurrence and progression and provide a better prognosis than intravesical instillation. The adverse events of IAC were mild and acceptable.
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INTRODUCTION
Bladder cancer (BCa) is the ninth most common cancer worldwide, with approximately 430,000 new cases every year (Antoni et al., 2017). BCa is a heterogeneous disease with different subtypes and molecular classifications, which have distinct treatments, response to drugs and prognosis. Clinically, it can be divided into muscle-invasive bladder cancer (MIBC) and non-muscle-invasive bladder cancer (NMIBC). Patients with NMIBC routinely undergo bladder-sparing surgery with (without) subsequent intravesical installation. Compared with MIBC, NMIBC is generally associated with a better prognosis. However, even with comprehensive management, it has the potential to progress into MIBC, especially high risk NMIBC. Generally speaking, NMIBC can be subdivide into three risk groups (low-risk, intermediate-risk, and high-risk tumors). High-risk NMIBC is defined as any of the following: T1 tumor, G3 (HG) tumor, carcinoma in situ (CIS), multiple, recurrent, and large (>3 cm) TaG1G2 /LG tumors (all features must be present) (Babjuk et al., 2019).
However, the treatment protocol for high-risk NMIBC remains highly disputed. Intravesical chemotherapy is widely used in the treatment of NMIBC, such as gemcitabine, mitomycin C, epirubicin, and doxorubicine. However, intravesical chemotherapy for high-risk NMIBC is proven to be inferior to BCG in complete response (OR 0.53, p = 0.0002) (Sylvester et al., 2005), and tumor progression (OR 0.73, p = 0.001) (Sylvester et al., 2002). Therefore, in recent years transurethral tumor resection with subsequent intravesical BCG instillation has been considered the gold standard of bladder-sparing therapy by EAU guidelines (Babjuk et al., 2013). Notably, over 50% of patients used BCG would gradually develop into BCG failure, which greatly increases the risk of cancer progression (Sylvester et al., 2002; Schrier et al., 2004). Nevertheless, patients who receive BCG carried a high risk of side effects such as cystitis, frequency, and haematuria (Koch, Smelser, and Chang 2020). Because of BCG unresponsiveness and shortage, there is a need to explore effective alternatives as options. In consideration of high-risk progression, radical cystectomy is considered as an option for high-risk NMIBC. However, it would be an overtreatment and deeply reduce patients’ quality of life (QOL) with significant morbidity (Huang et al., 2019a; De Berardinis et al., 2011). In addition, intravesical chemotherapy would be viable option for patients who are refractory to BCG or refuse cystectomy (Dalbagni et al., 2006). Some chemotherapy agents have shown specific promise in BCG-failure patients (eg., gemcitabine, thermochemotherapy, taxane chemotherapy), while some have been shown to be effective only in non-BCG-failure cohorts (e.g., electromotive mitomycin) (Yates et al., 2012).
As a novel drug delivery, intra-arterial chemotherapy was first designed by Kubota in 1989 (Chen et al., 2013). It was performed to insert an angiographic catheter through femoral arteries into vessels adjacent to bladder tumor, and then inject chemotherapeutic agents to increase concentration at tumor site and reduce systemic toxicity (Hoshi et al., 1997; Huang et al., 2019a). IAC has shown its efficacy in reducing disease recurrence and progression for MIBC, which would be a remedial treatment for MIBC patients following TURBT (Liang et al., 2015). In recent years, the IAC + IVC regimen after TURBT in T1-staged Grade 3 (T1G3) high-risk NMIBC patients was reported to reduce the risk of recurrence and progression in several studies (Huang et al., 2019b; Zhang et al., 2016; Chen et al., 2013). However, a retrospective study found that IAC + IVC may fail to decrease progression in the NMIBC patients (Lian et al., 2019). Besides, all present studies were single institution trial with limited patient number that had not strong enough evidence to verify its therapeutic efficacy in high-risk NMIBC. Therefore, in this work, we purposed to provide a more comprehensive report to evaluate the IAC + IVC regimen’s efficacy after TURBT in high-risk NMIBC.
MATERIALS AND METHODS
This pooled analysis was conducted according to the items in the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines, and registered with INPLASY (ID: 10.37766/inplasy 2021.1.0031).
Search Strategy
A comprehensive online literature search was conducted in PubMed, Embase, and the Cochrane Library in December 2020, to identify all the researches related to IAC + IVC for high-risk NMIBC. The search terms included (((((((((bladder cancer) OR (non-muscle invasive)) OR (Superficial)) OR (Early)) OR (Ta)) OR (T1)) OR (Tis)) OR (CIS)) AND ((((((intra-arterial chemotherapy) OR (Intra-arterial infusion)) OR (Intra-arterial therapy)) OR (Intra-arterial injection)) OR (gemcitabine)) OR (cisplatin))) AND (((((((((Intravesical perfusion) OR (Intravesical chemotherapy)) OR (Intravesical therapy)) OR (Intravesical irrigation)) OR (BCG)) OR (Bacille Calmette-Guérin)) OR (epirubicin)) OR (pirarubicin)). All studies on this topic were reviewed, and related references of original studies were identified by manual search.
Inclusion and Exclusion Criteria
Seven eligible studies were selected in accordance with the PICOS principle. 1) population:patients with pathologically confirmed high-risk NMIBC; 2) intervention: patients treated with IAC + IVC regimen; 3) comparison: treated with intravesical installation alone; 4) outcomes: prognosis indicators including tumor recurrence rate, tumor progression rate, survival rate, tumor-specific death rate, adverse events and time to first tumor recurrence; 5) study design: any studies related to this subject including prospective or retrospective studies or randomized controlled trial. Eligible studies should meet the following criteria:1) patients underwent bladder-preserving surgery 2) pathologically confirmed high-risk NMIBC 3) interventions were IAC + IVC 4) sufficient data that includes tumor recurrence rate, tumor progression rate, survival rate, or cancer-specific survival 5) prospective or retrospective cohort studies or randomized controlled trial 6) published with the English language. Studies involving radical cystectomy, neoadjuvant treatment, immunotherapy, and unsuitable types such as reviews, case reports, editorials, and letters were excluded.
Data Extraction
Two reviewers (Chunliang Cheng and Dongxu Qiu) were allotted to assess the six eligible publications and extract the data independently. Any conflicts would resort to the judgment by the third reviewer (Jinhui Liu). The detailed data we extracted included the authors’ name, publication year, country, study design, patient number, gender number, age, tumor stage, IAC and IVC regimen, duration of follow-up, event number, and oncologic outcomes.
Quality Assessment
Two independent reviewers (Huihuang Li and Jiao Hu) used the Cochrane Risk of Bias tool to assessed the quality of the literature. The assessment focused on the potential risk of bias as following: random sequence generation (selection bias), allocation concealment (selection bias), blinding of participants and personnel (performance bias), blinding of outcome assessment (detection bias), incomplete outcome data (attrition bias), selective reporting (reporting bias), and other biases. All studies were manually classified into four evidence quality levels: high, moderate, low, and very low. For any disagreement, the risk of bias was solved by consensus. Besides, publication bias was evaluated through visual inspection of funnel plots, and a sensitivity analysis was conducted using the leave-one-out cross-validation.
Statistical Analysis
This pooled-analysis was performed to identify the therapeutic efficacy of the IAC + IVC regimen for patients with pathologically diagnosed with high-risk NMIBC by comparing odds ratio, 95% CIs of tumor recurrence rate, tumor progression rate, survival rate, tumor-specific death rate. And AEs extracted or calculated from the enrolled seven studies. I2 test was used to assess the eligible studies’ heterogeneity (I2 < 25%: no heterogeneity; I2 = 25–50%: moderate heterogeneity; I2 > 50%: large heterogeneity). A fixed-effect model would be used when the I2 < 50% and a random effect model would be applied when I2 > 50%. Toxicities associated with IAC were evaluated according to Common Terminology Criteria for Adverse Events, version 4.0 (CTCAE v4.0). All analyses were performed by using Review Manager version 5.3 (The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen), all p-values were two-sided, and the level of statistical significance was considered at p < 0.05.
RESULTS
Study Selection and Characteristics
A total of 1,539 original publications were retrieved through systematic search, among them 514 were excluded as repeated records. After manual selection for titles, abstracts, and full-text articles, we enrolled seven eligible studies involving 1,247 patients who are pathologically diagnosed with NMIBC after bladder-preserving surgery (Chen et al., 2013; Lian et al., 2019; Huang et al., 2019b; Huang et al., 2019a; Sun et al., 2017; Zhang et al., 2016; J; Huang et al., 2020). The detailed process of the studies’ selection was shown in Figure 1.
[image: Figure 1]FIGURE 1 | Flowchart for article selection.
Among these researches, three of them was prospective studies, and all the studies was performed in the Chinese hospital. In total, 511 high risk NMIBC patients received IVC and subsequent IAC regimen, while 736 underwent intravesical installation alone. Most of the studies administered similar IAC regimen (cisplatin plus epirubicin or pirubicin), and the interval time between each cycle ranged from 3 to 6 weeks. The detailed characteristics and drug usage of each enrolled study was listed in Table 1. And the final pooled results of all studies were displayed in Table 2.
TABLE 1 | Characteristics of included studies.
[image: Table 1]TABLE 2 | Summary of therapeutic efficacy and survival outcomes.
[image: Table 2]Tumor Recurrence Rate
Totally, all seven studies reported the tumor recurrence rate (Chen et al., 2013; Lian et al., 2019; Huang et al., 2019b; Huang et al., 2019a; Sun et al., 2017; Zhang et al., 2016; J. Huang et al., 2020; Chen et al., 2013). 25.9% (150/580) patients in the IAC + IVC group and 40.2% (309/768) in the monotherapy group had tumor recurrence. The pooled OR for recurrence rate was calculated as 0.51 (95% CI:0.40–0.65; p < 0.05) which showed IAC + IVC had a superiority in inhibiting recurrence. Because the heterogeneity (I2 < 50%) was moderate for tumor recurrence rate, a fixed-effect model was used (Figure 2A).
[image: Figure 2]FIGURE 2 | Forest plots and funnel plots of IAC + IVC vs. intravesical installation. (A) Forest plot of tumor recurrence rate, (B) Funnel plot of tumor recurrence, (C) Forest plot of tumor progression rate, (D) Funnel plot of tumor recurrence, (E) Forest plot of survival rate, (F) Funnel plot of survival rate, (G) Forest plot of tumor-specific death rate, (H) Funnel plot of tumor-specific death rate.
Tumor Progression Rate
Tumor progression rate results were extracted in six enrolled studies (Huang et al., 2020; Huang et al. 2019b; Huang et al. 2019a; Sun et al., 2017; Zhang et al., 2016; J.; Chen et al., 2013), 10.6% (54/511) patients in IAC + IVC group had progression compared with 18.3% (135/736) in the monotherapy groups. The pooled OR for this result was 0.51 (95% CI: 0.36–0.72; p < 0.05). It indicated that IAC + IVC could also significantly inhibit tumor progression in high risk NMIBC. There was no significant heterogeneity among studies based on Cochran Q statistics (Figure 2C).
Survival Rate
Five studies reported survival data (Chen et al., 2013; Huang et al. 2019b; Huang et al. 2019b; Huang et al. 2019a; Huang et al., 2020). Among all the studies, 91.6% (307/335) high risk NMIBC patients in the IAC + IVC group survived at the end of follow-up compared with 84.6% (385/455) in monotherapy group. The pooled OR for survival rate was calculated as 1.75 (95% CI: 1.09–2.81; p < 0.05), which implied that the IAC + IVC regimen provided a better survival. Based on the Cochran Q statistics (p < 0.05), there was no heterogeneity among studies when I2 = 0% (Figure 2E).
Tumor-specific Death Rate
Five of the enrolled studies reported tumor-specific death rate data (Huang et al., 2020; Huang et al. 2019b; Huang et al. 2019a; Sun et al., 2017;; Chen et al., 2013). Among all the studies, 5.4% (18/335) high risk NMIBC patients in the IAC + IVC group died from bladder cancer before the end of follow-up compared with 11.6% (53/455) in monotherapy group. The pooled OR for this result was calculated as 0.48 (95% CI: 0.28–0.84; p < 0.05), which represented a significantly lower tumor-specific death in the IAC + IVC group. There was no heterogeneity among studies as the I2 = 10% with the application of the Cochran Q statistics (p < 0.05) (Figure 2G).
Quality Assessment, Sensitivity, and Publication Bias
To verify how individual studies influenced the pooled results, a sensitivity analysis was performed by eliminating one study at a time. No serious publication bias was found according to the funnel plots (Figures 2B,D,F,H). Among all the enrolled publications, three of them were prospective trials (42.9%) (Huang et al., 2019a; Sun et al., 2017; Chen et al., 2013). Therefore, we utilized Cochrane Collaboration’s risk of the bias assessment tool to assess the risk of bias in these three studies. All the three studies reported to use the randomization methods, but two of them did n not mention details (Sun et al., 2017; Chen et al., 2013). Only one studies described allocation concealment (Huang et al., 2019a), and none of them reported blind method in the researches. The assessment of risk of the bias was shown in Figures 3, 4.
[image: Figure 3]FIGURE 3 | Risk of bias graph depicting each risk of bias item as percentages across prospective studies.
[image: Figure 4]FIGURE 4 | Risk of bias summary.
Subgroup Analysis
We noticed, in this analysis, six studies used IVC alone in the monotherapy group (Chen et al., 2013; Huang et al. 2019a; Huang et al. 2019b; Zhang et al., 2016; Sun et al., 2017; Huang et al., 2020). Therefore, we made this subgroup analysis to compare the efficacy of IAC + IVC with IVC alone. The pooled OR for tumor recurrence rate, tumor progression rate, survival rate, and tumor-specific death rate for these six studies was calculated as 0.48 (95% CI: 0.37–0.61; p < 0.05), 0.49 (95% CI:0.34–0.70; p < 0.05), 1.87 (95% CI:1.14–3.04; p < 0.05), 0.45 (95% CI:0.25–0.79; p < 0.05), respectively, (Figure 5).
[image: Figure 5]FIGURE 5 | Subgroup analysis for IAC + IVC vs. IVC. (A) tumor recurrence rate, (B) tumor progression rate, (C) survival rate, (D) tumor-specific death rate.
Toxicity of IAC
A total of six studies reported toxicities data after IAC treatment (Huang et al., 2020; Huang et al. 2019b; Huang et al. 2019a; Sun et al., 2017; Zhang et al., 2016; J.; Chen et al., 2013). Among these studies, the most frequently reported adverse effects (AEs) were nausea/vomiting, hypoleukemia, neutropenia, increased alanine aminotransferase, and increased creatinine. Other AEs in the IAC group could be seen in (Zhang et al., 2016; Sun et al., 2017), such as fever, constipation/diarrhea, anemia, thrombocytopenia, and pain. No local reaction such as puncture haematoma, allergy was observed or mentioned, and no patients died from treatment-related complications. The detailed AEs data was displayed in Table 3. Besides, we also made a forest plot to compare the severity of each complication. According to CTCAE v4.0, AEs related to IAC was divided into two groups. AEs on Grade I–II was regarded as mild and easily reversible complications. As shown in Figure 6, compared with Grade III–IV, Grade I-II was significantly common in nausea/vomiting, hypoleukemia, neutropenia, increased alanine aminotransferase, and increased creatinine.
TABLE 3 | Adverse reactions of intra-arterial chemotherapy.
[image: Table 3][image: Figure 6]FIGURE 6 | Forest plots of complications associated with IAC. (A) Nausea/vomiting (B) Hypoleukemia (C) Neutropenia (D) Increased alanine aminotransferase (D) Increased creatinine.
DISCUSSION
The treatment for high-risk NMIBC remains highly debated by urologists for its high risk of recurrence and progression. Currently, the recommended options to treat high-risk NMIBC include immediate RC and bladder-sparing therapy followed by comprehensive treatment (Babjuk et al., 2013). Although adjuvant intravesical therapy with full-dose intravesical BCG for 1–3 years following bladder-sparing therapy is currently regarded as the gold standard for high-risk NMIBC, the recurrence and progression rate were 38.6 and 9.8% in the NMIBC patients who received BCG intravesical therapy (Huang et al., 2020). Besides, not all patients are able to receive the 1–3 years of treatment recommended in current guidelines because BCG intravesical therapy is associated with more side effects such as cystitis, frequency, haematuria, and fever, and these side effects would not decrease even though with the usage of one-third dose (Brausi et al., 2014). Thus, there are various emerging bladder sparing therapies as options for patients who do not respond to BCG in recent years (Packiam et al., 2019).
At first, intra-arterial chemotherapy, as novel drug delivery, was primarily used as neoadjuvant chemotherapy for muscle-invasive bladder cancer (MIBC) (Maatman et al., 1986; Kakizaki et al., 1987). And then, IAC has shown favorable results when combined with irradiation for MIBC (Sumiyoshi et al., 1994; Miyanaga et al., 2000; Hata et al., 2006). Recently, IAC was proven to be more effective than IVC in preventing high-risk superficial bladder cancer from recurrence and progression with a 44.4% recurrence-free survival rate and 75.4% progression-free survival rate in several studies (Liu et al., 2018; M.K.; Chen et al., 2009). Furthermore, IAC + IVC was reported to reduce the risk of recurrence and progression with lower toxicities (Huang et al., 2019a; Chen et al., 2013); however, the oncological benefit still needs to be verified.
To our knowledge, it is the first time that there is an evaluation of the efficacy of the IAC + IVC regimen in high-risk NMIBC through a pooled-analysis. In this pooled analysis involving 1,247 high-risk NMIBC patients, 25.9% (150/580) patients in the IAC + IVC group and 40.2% (309/768) in the IVC group had tumor recurrence. Moreover, IAC + IVC’s overall superiority versus IVC in reducing tumor recurrence was calculated as 0.51 (95% CI:0.40–0.65; p < 0.05). As a reference, Bohle et al. in his meta-analysis of 11 eligible clinical trials, found a statistically significant lower recurrence rate for BCG installation (38.6%) compared with the mitomycin IVC (46.4%) (Böhle et al., 2003). The recurrence rate for IVC in our analysis 40.2% (309/768) was similar to 46.4% in Bohle et al., whereas the recurrence rate for IAC + IVC 25.9% (150/580) was obviously lower than BCG installation (38.6%). It indicated that IAC + IVC was significantly superior to IVC and may even better than BCG in reducing tumor recurrence. On the other hand, in our pooled analysis, 10.6% (54/511) patients in IAC + IVC group had progression compared with 18.3% (135/736) in the IVC groups. The reduction in odds ratio of progression was 49% (OR: 0.51 95% CI: 0.36–0.72; p < 0.05). The progression rate in our study for IAC + IVC (10.6%) was similar with BCG (9.8%) in a meta-analysis conducted by Sylvester et al. (Sylvester et al., 2002), which indicates that IAC + IVC have a lower progression compared with IVC and would be as effective as BCG in reducing tumor progression.
Besides, the survival rate and tumor-specific death rate was calculated as 1.75 (95% CI: 1.09–2.81; p < 0.05), 0.48 (95% CI: 0.28–0.84; p < 0.05), respectively. The results indicated IAC + IVC have a better prognosis compared with IVC. The heterogeneity of our pooled results for tumor recurrence rate and tumor progression rate was I2 = 41% and I2 = 31%, respectively. It presented that our pooled results had a moderate heterogeneity. The heterogeneity was potentially caused by some possible reasons, such as 1) patients in the included studies were received different IAC + IVC chemotherapy agents. 2) The number of high-risk NMIBC patients in the present studies were limited, and most of them were retrospective studies.
Toxicity was an important consideration when clinicians formulated a therapeutic regimen. From all the pooled studies, the AEs of IAC were gastrointestinal distress, myelotoxicity, and hepatic and renal dysfunction, most of which were slight adverse reactions (Grade I and II). No common puncture-related arterial complications were observed in all the studies. However, descriptions for technical difficulties were not mentioned in all of enrolled studies. In addition, the GRADE system was used to validate the accuracy of our findings.
However, there still existed some limitations in this study. Firstly, most studies included were retrospective, and a multicenter clinical trial with a larger sample size will still be needed. Secondly, in this pooled analysis, patients in seven studies received diverse chemotherapy agents with different follow-up periods and pathologically diagnosed NMIBC types, which were associated with different risks of recurrence and progression. Thirdly, all the enrolled studies were performed in only three hospitals in China, and lacked data from western countries. Finally, this pooled analysis primarily compared IAC + IVC with IVC, and studies directly contrasting the efficacy with BCG should be further explored.
CONCLUSION
The IAC + IVC regimen for high risk-NMIBC could effectively reduce recurrence and progression and provide a better prognosis compared with the IVC monotherapy group. However, considering the potential limitations of this study, more well-performed, multicenter, and larger-scale RCTs are required to verify the value of IAC.
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